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1
DETECTION DEVICE

FIELD OF THE INVENTION

The present invention relates to a detection device for
detecting an object in a non-contact manner.

BACKGROUND OF THE INVENTION

Conventionally, a proximity sensor described in Japanese
Patent Publication No. 2010-45531 (JP2010-45531A) is pro-
vided as a device for detecting an object in a non-contact
manner. In a prior art described in JP2010-45531A, an oscil-
lation circuit includes an L.C resonance circuit having a detec-
tion coil and a capacitor. When the oscillation circuit is oscil-
lated and an object including a metallic body (conductor) or a
magnetic body approaches the detection coil, the conduc-
tance of the detection coil is decreased, and thus, oscillation
of'the oscillation circuit stops. Thus, the existence (approach)
of'the objectis detected as the oscillation stops. In addition, in
the prior art of JP2010-45531A, whether or not the discon-
nection of the detection coil occurs is detected by observing
amplitude of oscillation (resonant voltage of the L.C reso-
nance circuit) of the oscillation circuit.

However, in the prior art of JP2010-45531A, since the
oscillation of the oscillation circuit stops when the object
approaches the detection coil, it is difficult to determine
whether the oscillation is stopped by an abnormality (discon-
nection or short circuit of the detection coil) of the L.C reso-
nance circuit or the oscillation is stopped normally due to the
approach of the object.

SUMMARY OF THE INVENTION

In view of the above, the present invention provides a
detection device capable of detecting an abnormality such as
a disconnection, short circuit or the like even when an object
is detected.

In accordance with an aspect of the present invention, there
is provide a detection device including: a resonance unit
including a coil and a capacitor; an oscillation unit for oscil-
lating the resonance unit; and a signal processing unit for
detecting an oscillation state of the resonance unit and out-
putting an object detection signal when the oscillation is
stopped. The signal processing unit intermittently executes a
self-diagnosis mode for determining whether or not an abnor-
mality occurs in the resonance unit by forcibly oscillating the
oscillation unit.

The signal processing unit may forcibly oscillate the oscil-
lation unit by increasing an absolute value of negative con-
ductance of the oscillation unit.

The signal processing unit may forcibly oscillate the oscil-
lation unit by increasing the absolute value of the negative
conductance of the oscillation unit to be larger than a maxi-
mum value of conductance of the resonance unit. The signal
processing unit may forcibly oscillate the oscillation unit by
applying a pulse voltage or a pulse current to the resonance
unit.

The signal processing unit preferably outputs an abnormal-
ity detection signal different from the object detection signal
when the abnormality is determined in the self-diagnosis
mode.

The signal processing unit preferably continues outputting
the abnormality detection signal until it is determined that
there is no abnormality.

In a case where it is determined that there is no abnormality
during execution of the self-diagnosis mode, if the object
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2

detection signal is outputted just before execution of the
self-diagnosis, the signal processing unit preferably contin-
ues outputting the object detection signal.

The signal processing unit preferably outputs a signal dif-
ferent from the object detection signal during execution of the
self-diagnosis mode.

The signal processing unit may periodically execute the
self-diagnosis mode.

The signal processing unit preferably executes the self-
diagnosis mode when it is detected that the oscillation of the
resonance unit is stopped while the self-diagnosis mode is not
executed.

The signal processing unit preferably executes the self-
diagnosis mode only once immediately after the oscillation
stop is detected.

The signal processing unit may execute the self-diagnosis
mode only once immediately after starting to operate.

The signal processing unit may forcibly stop the oscillation
of the resonance unit when the self-diagnosis mode is com-
pleted.

When the self-diagnosis mode is completed, the signal
processing unit may forcibly stop the oscillation of the reso-
nance unit only in a case where the object detection signal is
outputted just before execution of the self-diagnosis mode.

In accordance with the embodiments of the present inven-
tion, there is an advantageous effect in that an abnormality
such as a disconnection or short circuit can be detected even
when an object is detected.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will be
apparent from the following description of preferred embodi-
ments given in conjunction with the accompanying drawings,
in which:

FIG. 1 is a time chart illustrating the operation of a first
embodiment;

FIG. 2 is aview schematically showing the configuration of
the first embodiment;

FIG. 3 is a view illustrating the operation of the first
embodiment;

FIG. 41is aview schematically showing the configuration of
a second embodiment;

FIG. 5 is a time chart illustrating the operation of a second
embodiment; and

FIG. 6 is a time chart illustrating the operation of a third
embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings which form a part hereof. Throughout the drawings, like
reference numerals are used to designate like or similar parts
and redundant descriptions thereof will be omitted.

Hereinafter, embodiments in which the technical feature of
the present invention is applied to a detection device
described in the background of the invention which detects
the existence of an object including a metallic body (conduc-
tor) or a magnetic body based on a change in conductance of
a detection coil. In addition, the technical feature of the
present invention can be applied to a detection device which
detects the existence of an object such as moisture, a human
body containing moisture or the like based on a change in
conductance of a capacitor configuring a resonance circuit
together with a coil.
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First Embodiment

A detection device in accordance with the present embodi-
ment includes a resonance unit 1, an oscillation unit 2 and a
signal processing unit 3 as shown in FIG. 2.

The resonance unit 1 is an LC resonance circuit in which a
capacitor (resonance capacitor) 11 is connected in parallel to
a detection coil 10 for detecting an object to be detected. The
resonance frequency (oscillation frequency) of the resonance
unit 1 is determined by the inductance of the detection coil 10
and the electrostatic capacity of the capacitor 11. The detec-
tion coil 10 is configured, e.g., by winding a conducing wire
(insulation coating wire or the like) around an outer periph-
eral surface of a cylindrical coil bobbin (not shown) in an axis
direction of the coil bobbin in the form that the coil runs in a
winding direction. The object to be detected may be formed,
e.g., of a conductor such as a metallic body or the like in the
shape of a plate, face the detection coil 10 along the winding
direction of the detection coil 10 and move in a direction to
change a distance from the detection coil 10.

In order to maintain oscillation of the resonance unit 1
positive feedback of current to the resonance unit 1 is needed.
Therefore, the oscillation unit 2 is to supply the feedback
current to the resonance unit 1 and includes a level shift
circuit, an amplifying circuit and a current feedback circuit.
Here, the level shift circuit shifts the level of voltage between
both ends of the capacitor 11 of the resonance unit 1. The
amplifying circuit outputs a current corresponding to the
voltage of the resonance unit 1. The current feedback circuit
supplies the resonance unit 1 with a feedback current corre-
sponding to the magnitude of the current outputted from the
amplifying circuit, thereby maintaining the oscillation.

The level shift circuit includes an NPN transistor 20. The
collector of the transistor 20 is connected to a constant current
source 26 via a resistor 22. The emitter of the transistor 20 is
connected to one end of the resonance unit 1, of which the
other end is grounded. In addition, in the present embodi-
ment, the resonance unit 1 including the detection coil 10 and
the capacitor 11 is inserted between the emitter of the tran-
sistor 20 and a ground. Accordingly, the electric potential of
the emitter of the transistor 20 is the same as the oscillation
voltage of the resonance unit 1. In addition, the collector and
the base of the transistor 20 are connected to each other.

The level shift circuit shifts the level of the resonance
voltage as much as the voltage between the base and the
emitter of an NPN transistor 21 of the amplifying circuit,
thereby making a voltage equal to the resonance voltage
(oscillation voltage) of the resonance unit 1 to be applied
between the emitter of the transistor 21 and the ground during
only a half positive cycle when the oscillation is generated.

The amplifying circuit is configured with a so-called an
emitter follower circuit including the transistor 21. The base
of the transistor 21 is connected to the base of the transistor
20, and the electric potential of the emitter of the transistor 20,
the level of which is shifted by the level shift circuit, i.e., the
level shift voltage generated by the level shift circuit, is input-
ted into the base of the transistor 21. Accordingly, a current
corresponding to the oscillation voltage of the resonance unit
1 is outputted from the amplifying circuit.

A resistor 25 for setting the electric potential of the emitter
is inserted between the output terminal (the emitter of the
transistor 21) of the amplifying circuit and the ground. The
resistor 25 is to adjust the magnitude of the current outputted
from the amplifying circuit, i.e., the magnitude of the feed-
back current. The feedback current adjusted by the value of
the resistor 25 is supplied to the resonance unit 1.
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The current feedback circuit is a current mirror circuit
including PNP transistors 23 and 24. The transistor 23 is
provided between the transistor 21 of the amplifying circuit
and the power line, wherein the collector of the transistor 23
is connected to the collector of the transistor 21 and the
emitter of the transistor 23 is connected to the power line. The
base of the transistor 23 is connected to the base of the
transistor 24, the emitter of the transistor 24 is connected to
the power line, and the collector of the transistor 24 is con-
nected to the emitter of the transistor 20.

Here, when a current is outputted from the amplifying
circuit, a collector current of the transistor 21 equal to the
current outputted from the amplifying circuit flows between
the emitter and the collector of the transistor 23. Then, a
current equal to the current flowing between the emitter and
the collector of the transistor 23 flows between the emitter and
the collector of the transistor 24, and this current is the feed-
back current supplied to the resonance unit 1. That is, the
current feedback circuit supplies the resonance unit 1 with the
feedback current equal to the current outputted from the
amplifying circuit.

The signal processing unit 3 includes a signal detection
circuit 30, an output circuit 31, a mode control circuit 32 and
the like. The signal detection circuit 30 detects an oscillation
state (oscillation amplitude in the illustrated embodiment) of
the resonance unit 1. When the oscillation amplitude is lower
than a predetermined threshold value, the signal processing
unit 3 determines that the oscillation of the resonance unit 1 is
stopped and outputs an oscillation stop signal. However, the
signal detection circuit 30 may detect an oscillation fre-
quency instead of the oscillation amplitude.

In an object detection mode which will be described below,
the output circuit 31 outputs a detection signal indicating that
an object to be detected (hereinafter, referred to as an object)
exists within a detection range or a non-detection signal indi-
cating that no object exists within the detection range, based
on the oscillation stop signal of the signal detection circuit 30.
In addition, in a self-diagnosis mode, which will be described
below, the output circuit 31 outputs an abnormality detection
signal indicating that an abnormality (disconnection or short
circuit) occurs in the resonance unit 1, based on the oscillation
stop signal of the signal detection circuit 30.

The mode control circuit 32 selectively switches the opera-
tion mode of the signal processing unit 3 to either the object
detection mode or the self-diagnosis mode by turning on or
off an NPN transistor 33 having a collector connected to the
emitter of the transistor 21 via the resistor 34 and an emitter
connected to a ground. The mode control circuit 32 turns off
the transistor 33 and outputs a switch signal of high level to
the output circuit 31 in the object detection mode. Further, the
mode control circuit 32 turns on the transistor 33 and outputs
a switch signal of low level to the output circuit 31 in the
self-diagnosis mode. In addition, the mode control circuit 32
has a timer therein and thus periodically switches the opera-
tion mode of the signal processing unit 3 from the object
detection mode to the self-diagnosis mode at regular intervals
Tx as shown in FIG. 1.

Here, when the absolute value of the negative conductance
of'the oscillation unit 2 is equal to or higher than the conduc-
tance of the detection coil 10, the resonance unit 1 oscillates,
and when the absolute value of the negative conductance of
the oscillation unit 2 is lower than the conductance of the
detection coil 10, the oscillation amplitude of the resonance
unit 1 is greatly reduced, and thus, the oscillation thereof is
stopped. In addition, the conductance of the detection coil 10
(see a curved line in FIG. 3) varies depending on a change in
loss of eddy current caused by the distance between the object
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and the detection coil 10, i.e., depending on the distance
between the detection coil 10 and the object (a horizontal axis
in FIG. 3).

Here, assuming that the absolute value of the negative
conductance of the oscillation unit 2 is set to be W1 so as to
oscillate the resonance unit 1 when the object does not exist
within the detection range (=d0), when the object is within the
detection range, the absolute value of the negative conduc-
tance of the oscillation unit 2 becomes less than the conduc-
tance of the detection coil 10, and thus, the oscillation of the
resonance unit 1 is stopped. In addition, in the object detec-
tion mode, the absolute value of the negative conductance of
the oscillation unit 2 can be expressed as 1/(2Ra), where the
resistance of the resistor 25 is Ra.

However, in the self-diagnosis mode, since the resistor 25
of the oscillation unit 2 and the resistor 34 (the resistance of
which is Rb) of the signal processing unit 3 are connected in
parallel to each other when the mode control circuit 32 turns
on the transistor 33, the resistance of the combined resistors
(hereinafter, expressed as Ra//Rb) becomes smaller than the
resistance Ra of the resistor 25. Therefore, the absolute value
of the negative conductance of the oscillation unit 2 becomes
1/(2xRa//Rb) in the self-diagnosis mode and increases more
than the absolute value of the negative conductance (=1/
(2Ra)] inthe object detection mode, e.g., tobe W2 (>W1) (see
FIG. 3).

In the self-diagnosis mode, since the absolute value of the

negative conductance of the oscillation unit 2 is determined
by the resistance Rb of the resistor 34, the resistance Rb of the
resistor 34 can be set appropriately.
Thus, the absolute value of the negative conductance of the
oscillation unit 2 may be set to be a value W3 larger than the
maximum value Geoilmax of the conductance of the detec-
tion coil 10. In addition, the aforementioned method of
increasing or decreasing the absolute value of the negative
conductance of the oscillation unit 2 is only an example, and
the conductance of the detection coil 10 may be increased or
decreased by another method.

For example, it is assumed that the absolute value of the
negative conductance of the oscillation unit 2 is set to be W2
in the self-diagnosis mode. In this case, when the mode con-
trol circuit 32 turns on the transistor 33 to switch to the
self-diagnosis mode, the oscillation condition is satisfied.
Thus, even though the distance between the object and the
detection coil 10 is within a range of d0 to dl (<d0), the
resonance unit 1 is forcibly oscillated as long as an abnormal-
ity such as a disconnection or short circuit does not occur.

When the oscillation amplitude is less than the predeter-
mined threshold value, the signal detection circuit determines
that the oscillation has been stopped and outputs an oscilla-
tion stop signal (e.g., DC voltage signal of low level). When
the oscillation amplitude exceeds the threshold value, the
signal detection circuit 30 determines that the oscillation has
been started (resumed) and stops outputting the oscillation
stop signal (e.g., outputs a DC voltage signal of high level).

Then, when the oscillation stop signal is outputted from the
signal detection circuit 30 in the object detection mode as
shown in FIG. 1, the output circuit 31 determines that the
object is within the detection range and outputs an object
detection signal of a predetermined DC voltage level (e.g., 1
volt). On the other hand, when the oscillation stop signal is
not outputted from the signal detection circuit 30, the output
circuit 31 determines that the object does not exist within the
detection range and outputs a signal (object non-detection
signal) of a predetermined DC voltage level (e.g., 4 volts).

In addition, when the oscillation stop signal is outputted
from the signal detection circuit 30 in the self-diagnosis
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mode, the output circuit 31 determines that there is a discon-
nection or short circuit in the resonance unit 1 and outputs an
abnormality detection signal of a predetermined DC voltage
level (e.g., 0 volt). On the other hand, when no oscillation stop
signal is outputted from the signal detection circuit 30 in the
self-diagnosis mode, the output circuit 31 determines that
there is no abnormality in the resonance unit 1 and does not
output the abnormality detection signal.

Accordingly, it becomes known on the outside that the
object is within the detection range or an abnormality occurs
in the resonance unit 1 when the DC voltage level of the signal
output from the output circuit 31 is 1 volt or that the object
does not exist within the detection range when the DC voltage
level is 4 volts. In addition, it becomes known on the outside
that an abnormality occurs in the resonance unit 1 when the
DC voltage level of the signal outputted from the output
circuit 31 is a DC voltage level (0 volt), which is different
from the DC voltage level (1 volts) of the object detection
signal and the DC voltage level (4 volt) of the object non-
detection signal. However, each value of the DC voltage
levels of the signals outputted from the output circuit 31 is
only an example, and it is not limited to the exemplified value.

In the self-diagnosis mode in which the resonance unit 1 is
forcibly oscillated as described above, although an object
exists within the detection range, the oscillation will be
started (resumed) as long as no abnormality (disconnection or
short circuit) occurs in the resonance unit 1. Accordingly,
when the oscillation of the resonance unit 1 is stopped in the
self-diagnosis mode, the signal processing unit 3 may deter-
mine that an abnormality has occurred in the resonance unit 1.
For that reason, in the present embodiment, an abnormality
(i.e., an abnormality of the resonance unit 1) such as a dis-
connection or short circuit can be detected even when an
object is detected.

In addition, although an object cannot be detected in the
self-diagnosis mode, detection errors of failing to detect
existence of an object can be suppressed because the self-
diagnosis mode is intermittently executed in the present
embodiment. In addition, it is natural that if the oscillation of
the resonance unit 1 is not stopped in the object detection
mode, it can be determined that an abnormality has not
occurred in the resonance unit 1.

Further, it is preferable that the signal processing unit 3
continues outputting the abnormality detection signal until it
is determined that there is no abnormality (see FIG. 1). That
is, if the abnormality detection signal is outputted only during
the execution period of the self-diagnosis mode, an external
device for receiving the signal from the output circuit 31 may
not recognize the abnormality detection signal because dura-
tion of outputting the abnormality detection signal is too
short. Therefore, in the present embodiment, when the signal
processing unit 31 determines that an abnormality occurs in
the self-diagnosis mode, the abnormality detection signal is
continuously outputted even when the self-diagnosis mode is
completed and switched to the object detection mode, thereby
allowing the external device to securely recognize the abnor-
mality detection signal.

However, when the abnormality of the resonance unit 1 is
resolved and the oscillation is resumed, the signal processing
unit 3 does not wait for the determination that no abnormality
occurs in the self-diagnosis mode and stops outputting the
abnormality detection signal at the moment when the oscil-
lation of the resonance unit 1 is confirmed in the object
detection mode (see F1G. 1). Accordingly, after the abnormal-
ity of the resonance unit 1 is resolved, an object can be
detected immediately.
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In addition, in a case where the signal processing unit 3
determines that there is no abnormality while the self-diag-
nosis mode is executed, if an object is detected (the object
detection signal is output) in the object detection mode just
before the execution of the self-diagnosis mode, it is prefer-
able to continue outputting the object detection signal. That
is, when an execution period of the self-diagnosis mode is
sufficiently shorter than that ofthe object detection mode, it is
expected that existing situation of the object is less likely to be
changed before and after the execution period of the self-
diagnosis mode. Further, although the signal processing unit
3 continues outputting the object detection signal during the
short period of executing the self-diagnosis mode, it is
expected that there will be no problem in practice because the
signal processing unit 3 immediately detects whether an
object exists or not at the moment when the self-diagnosis
mode is switched to the object detection mode.

Second Embodiment

The present embodiment is characterized in that the reso-
nanceunit 1 is forcibly oscillated by the signal processing unit
3 in the self-diagnosis mode, and the other configurations are
common to those of first embodiment. Therefore, the same
constitutional elements as those of first embodiment will be
denoted by the same reference numerals, and the descriptions
thereof will be omitted.

In the present embodiment, as shown in FIG. 4, the signal
processing unit 3 is provided with two transistors 35 and 36
connected in series via the resistor 37, instead of the transistor
33 and the resistor 34 in the first embodiment. The PNP
transistor 35 has an emitter connected to the power line and a
collector connected to one end of the resistor 37. Further, the
NPN transistor 36 has a collector connected to the other end
of the resistor 37 and an emitter connected to a ground.

In the present embodiment, the mode control circuit 32
turns off both the two transistors 35 and 36 in the object
detection mode and turns on the upper transistor 35 only for a
very short period of time (e.g., from few milliseconds to few
tens of milliseconds) in the self-diagnosis mode. When the
transistor 35 is turned on only for a short period of time, a
pulse voltage is applied from the oscillation unit 2, whereby
the resonance unit 1 is forcibly oscillated. In addition, when
the self-diagnosis is completed, the mode control circuit 32
forcibly stops oscillation of the resonance unit 1 by turning on
the lower transistor 36 only for a short period of time.
Although the resonance unit 1 is forcibly oscillated by apply-
ing a pulse voltage in the present embodiment, the resonance
unit 1 may be forcibly oscillated by applying (supplying) a
pulse current.

Next, the operation of the present embodiment will be
described with reference to FIG. 5. Immediately after the
existence of an object is detected within a detection range in
the object detection mode, i.e., immediately after an oscilla-
tion stop signal is outputted from the signal detection circuit
30, the mode control circuit 32 executes the self-diagnosis
mode and outputs a switch signal of low level to the output
circuit 31. In the self-diagnosis mode, the mode control cir-
cuit 32 forcibly oscillates the resonance unit 1, the oscillation
of which has been stopped, by turning on the transistor 35 to
apply a pulse voltage as described above.

If'the oscillation stop signal is not outputted from the signal
detection circuit 30 in the self-diagnosis mode, the output
circuit 31 determines that no abnormality occurs in the reso-
nance unit and outputs an abnormality non-detection signal.
The DC voltage level of the abnormality non-detection signal
is set to be a level (2 volts) different from the level of the
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object detection signal (1 volt), the level of the object non-
detection signal (4 volts) and the level of the abnormality
detection signal (0 volt). In addition, if the oscillation stop
signal is not outputted from the signal detection circuit 30
during the period of the self-diagnosis mode, the mode con-
trol circuit completes the self-diagnosis mode by turning on
the transistor 36 only for a short period of time and forcibly
stopping the oscillation of the resonance unit 1. Further, the
mode control circuit 32 switches the operation mode from the
self-diagnosis mode to the object detection mode by output-
ting a switch signal of high level to the output circuit 31.
Meanwhile, when the oscillation stop signal is outputted
from the signal detection circuit 30 in the self-diagnosis
mode, the output circuit 31 determines that an abnormality
occurs in the resonance unit 1 and outputs an abnormality
detection signal, and a pulse voltage is intermittently applied
by turning on the transistor 35 at regular intervals, thereby
continuing the self-diagnosis mode. Then, when the abnor-
mality of the resonance unit 1 is resolved and the oscillation
stop signal is not outputted from the signal detection circuit
30 while the self-diagnosis mode is continued, the mode
control circuit 32 completes the self-diagnosis mode by turn-
ing on the transistor 36 only for a short period of time to
forcibly stop the oscillation of the resonance unit 1. In addi-
tion, the mode control circuit 32 switches the operation mode
from the self-diagnosis mode to the object detection mode by
outputting a switch signal of high level to the output circuit

In the present embodiment as described above, the reso-
nance unit 1 is forcibly oscillated by applying a pulse voltage.
Since the pulse voltage contains various frequency compo-
nents, the oscillation of the resonance unit 1 is promptly
started by applying the pulse voltage, and thus, a time
required for self-diagnosis can be reduced. In addition, even
when the negative conductance of the oscillation unit 2 is
insufficient, the oscillation of the resonance unit 1 is damped
down only for a short period of time by applying the pulse
voltage, and therefore, it can be determined from the obser-
vation of the amplitude (or frequency) of the oscillation
whether or not an abnormality occurs in the resonance unit 1
without continuous oscillation of the resonance unit 1.

In first embodiment, if it is determined in the self-diagnosis
mode that no abnormality occurs in the resonance unit 1, the
output circuit 31 maintains the detection result of the previ-
ously executed object detection mode (see F1G. 1). However,
in the present embodiment, if it is determined in the self-
diagnosis mode that no abnormality occurs in the resonance
unit 1, the output circuit 31 outputs an abnormality non-
detection signal of which DC voltage level is different from
those of the object detection signal, the object non-detection
signal and the abnormality detection signal. Such a configu-
ration is effectively used in, e.g., a control to operate an
apparatus in a case where an object is detected and not to
operate the apparatus in a case where the existence of an
object is ambiguous.

In the present embodiment, the signal processing unit 3
executes the self-diagnosis mode only when an object is
detected in the object detection mode, i.e., when the oscilla-
tion stop signal is outputted from the signal detection circuit
30. That is, in the object detection mode, non-output of the
oscillation stop signal from the signal detection circuit 30
means that the oscillation of the resonance unit 1 is not
stopped, and thus, it can be determined that an abnormality
such a disconnection or short circuit does not occur in the
resonance unit 1. On the other hand, if the oscillation stop
signal is outputted from the signal detection circuit 30 in the
object detection mode, it cannot be determined whether the
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oscillation stop is a normal oscillation stop caused by the
detection of an object or an abnormal oscillation stop caused
by the generation of an abnormality in the resonance unit 1.

Therefore, in the present embodiment, the signal process-
ing unit 3 executes the self-diagnosis mode when the oscilla-
tion stop signal is outputted from the signal detection circuit
30 as described above, whereby if no abnormality of the
resonance unit 1 is detected, it can be determined as a normal
oscillation stop caused by the detection of an object. On the
contrary, if an abnormality of the resonance unit 1 is detected
in the self-diagnosis mode, it can be determined as an abnor-
mal oscillation stop which is not caused by the detection of an
object.

Since the resonance unit 1 is forcibly oscillated while the
signal processing unit 3 executes the self-diagnosis mode, an
object cannot be detected. Accordingly, the duration of the
self-diagnosis mode, in which detection of an object is dis-
abled, is preferably set to be as short as possible. Therefore,
the signal processing unit 3 in accordance with the present
embodiment applies the pulse voltage only once in the self-
diagnosis mode, i.e., executes the self-diagnosis mode only
once. Such a configuration is effectively used, e.g., in detect-
ing the existence of an object of which position varies at a
relatively long interval.

However, since the resonance unit 1 is forcibly oscillated in
the self-diagnosis mode, an oscillation stop signal may not be
outputted from the signal detection circuit 30 until the oscil-
lation of the resonance unit 1 is damped down, shortly after
the signal processing unit 3 switches the operation mode from
the self-diagnosis mode to the object detection mode while an
object is within the detection range. Thus, in the present
embodiment, since the mode control circuit 32 forcibly stops
the oscillation of the resonance unit 1 when the self-diagnosis
mode is completed as described above, an oscillation stop
signal is promptly outputted from the signal detection circuit
30 to detect an object when the object is within the detection
range immediately after the object detection mode is
executed.

Meanwhile, in a case where an object is not detected in the
object detection mode executed just before the self-diagnosis
mode, i.e., in a case where the oscillation stop signal is not
outputted from the signal detection circuit 30, if the mode
control circuit 32 forcibly stops the oscillation of the reso-
nance unit 1 upon the completion of the self-diagnosis mode
as described above, the signal detection circuit 30 may erro-
neously output an oscillation stop signal. However, in the
present embodiment, only in the case where an object has
been detected, the mode control circuit 32 forcibly stops the
oscillation of the resonance unit 1 upon the completion of the
self-diagnosis mode, and thus, the erroneous output described
above does not occur.

In addition, in the present embodiment, although the reso-
nance unit 1 is forcibly oscillated only by applying a pulse
voltage (or a pulse current) to the resonance unit 1, the reso-
nanceunit 1 can be further efficiently oscillated by combining
this with increasing the absolute value of the negative con-
ductance of the oscillation unit 2 described in first embodi-
ment.

Third Embodiment

The present embodiment is characterized by the execution
timing of the self-diagnosis mode by the signal processing
unit 3. Since the configuration of the present embodiment is
common to any one of the first and the second embodiments,
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the same constitutional elements will be denoted by the same
reference numerals, and the descriptions thereof will be omit-
ted.

The signal processing unit 3 of the present embodiment
executes the self-diagnosis mode only once immediately after
being initialized.

For example, as shown in FIG. 6, when a power is applied
to the detection device and operation power (a DC power of 5
volts in the illustrated embodiment) is supplied, the signal
processing unit 3 starts to operate, and the self-diagnosis
mode is initially executed only once and then switches to the
object detection mode. Thereafter, the signal processing unit
3 executes only the object detection mode until the supply of
the operation power is stopped, and the signal processing unit
3 executes the self-diagnosis mode when the supply of the
operation power is resumed and it starts to operate.

The present embodiment is effective when a period during
which the detection device stops an operation is longer than a
period during which the detection device operates, when a
probability that an abnormality occurs in the resonance unit 1
is low during the operation, or when a problem arises if an
object cannot be detected during the operation of the detec-
tion device. In addition, in the present embodiment, although
the signal processing unit 3 executes the self-diagnosis mode
immediately after starting to operate by a power reset, the
signal processing unit 3 may execute the self-diagnosis mode
immediately after starting to operate by manipulating, e.g., a
rest switch.

The first to third embodiments may be appropriately com-
bined. For example, first embodiment may be implemented
by combining the increase in the absolute value of the nega-
tive conductance of the oscillation unit 2 of first embodiment
with the method of applying a pulse voltage (or current) of
second embodiment.

While the invention has been shown and described with
respect to the embodiments, the present invention is not lim-
ited thereto. It will be understood by those skilled in the art
that various changes and modifications may be made without
departing from the scope of the invention as defined in the
following claims.

What is claimed is:

1. A detection device, comprising:

a resonance unit including a coil and a capacitor;

an oscillation unit for oscillating the resonance unit; and

a signal processing unit for detecting an oscillation state of

the resonance unit and outputting an object detection
signal when the oscillation is stopped,

wherein the signal processing unit intermittently executes

a self-diagnosis mode for determining whether or not an
abnormality occurs in the resonance unit by forcibly
oscillating the oscillation unit.

2. The detection device of claim 1, wherein the signal
processing unit forcibly oscillates the oscillation unit by
increasing an absolute value of negative conductance of the
oscillation unit.

3. The detection device of claim 2, wherein the signal
processing unit forcibly oscillates the oscillation unit by
increasing the absolute value of the negative conductance of
the oscillation unit to be larger than a maximum value of
conductance of the resonance unit.

4. The detection device of claim 1, wherein the signal
processing unit forcibly oscillates the oscillation unit by
applying a pulse voltage or a pulse current to the resonance
unit.

5. The detection device of claim 1, wherein the signal
processing unit outputs an abnormality detection signal dif-



US 9,059,711 B2

11

ferent from the object detection signal when the abnormality
is determined in the self-diagnosis mode.

6. The detection device of claim 5, wherein the signal
processing unit continues outputting the abnormality detec-
tion signal until it is determined that there is no abnormality.

7. The detection device of claim 1, wherein in a case where
it is determined that there is no abnormality during execution
of the self-diagnosis mode, if the object detection signal is
outputted just before execution of the self-diagnosis, the sig-
nal processing unit continues outputting the object detection
signal.

8. The detection device of claim 1, wherein the signal
processing unit outputs a signal different from the object
detection signal during execution of the self-diagnosis mode.

9. The detection device of claim 1, wherein the signal
processing unit periodically executes the self-diagnosis
mode.

10. The detection device of claim 1, wherein the signal
processing unit executes the self-diagnosis mode when it is
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detected that the oscillation of the resonance unit is stopped
while the self-diagnosis mode is not executed.

11. The detection device of claim 10, wherein the signal
processing unit executes the self-diagnosis mode only once
immediately after the oscillation stop is detected.

12. The detection device of claim 1, wherein the signal
processing unit executes the self-diagnosis mode only once
immediately after starting to operate.

13. The detection device of claim 1, wherein the signal
processing unit forcibly stops the oscillation of the resonance
unit when the self-diagnosis mode is completed.

14. The detection device of claim 13, wherein when the
self-diagnosis mode is completed, the signal processing unit
forcibly stops the oscillation of the resonance unit only in a
case where the object detection signal is outputted just before
execution of the self-diagnosis mode.
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